Induced biomineralization of materials has been employed as a strategy to increase integration with host tissue, and more recently as a method to control cell function in tissue engineering. However, mineralization is typically performed in the absence of cells, since hypertonic solutions that lack the nutrients and culture components required for the maintenance of cell viability are often used. In the present study, we exposed fibroblast-seeded three-dimensional collagen-chitosan hydrogels to a defined culture medium modified to have specific concentrations of ions involved in biomineralization. The modified medium caused a significant increase in calcium deposition in collagen-chitosan gels, relative to constructs incubated in a standard medium, though serum supplementation attenuated mineral deposition. Collagenchitosan constructs became opaque over 3 days of mineralization in modified Dulbecco's modified Eagle medium (DMEM), in contrast to translucent control gels incubated in standard DMEM. Histological staining confirmed increased levels of mineral in the treated constructs. Rheological characterization showed that both the storage and loss moduli increased significantly in mineralized materials. Mineralization of fibroblast-seeded constructs resulted in decreased cell viability and proliferation rate over 3 days of incubation in modified medium, but the cell population remained over 75% viable and regained its proliferative potential after rescue in standard culture medium. The ability to mineralize protein matrices in the presence of cells could be useful in creating mechanically stable tissue constructs, as well as to study the effects of the tissue microenvironment on cell function.
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Introduction
There is a clear need for materials and methods to improve bone healing outcomes, particularly in cases of large defects and nonunions. The natural healing response is often not adequate to obtain full repair, and in such cases strategies to augment bone regeneration can be applied. Autografts and allografts are currently used clinically, but are hampered by issues of tissue availability and consistency [1] . The generic tissue engineering approach is to combine cells, biomaterials, and growth factors in a controlled fashion to create living materials that can replace damaged tissue and/or enhance regeneration. In the case of bone tissue, a wide range of strategies have been employed, using a variety of cell types, materials, and biochemical factors [2] .
One strategy for potentiating the bone healing response is to use materials that have been exogenously mineralized using defined ionic solutions. Simulated body fluid (SBF) is a solution formulated with ion concentrations similar to blood plasma, which mineralizes the surfaces and pore walls of both natural [3-7] and synthetic [8-10] scaffolds if thermodynamic conditions are appropriate. Kokubo et al. [11] first described how soaking a biomaterial in SBF leads to the ex vivo formation of a bone-like apatite coating, and later studies showed that such coatings can be both osteoconductive [10] and osteoinductive [13] , and can facilitate the regeneration of bone [12, 14] . SBF-induced mineralization has been further examined as a method for controlling osteoconductivity [5,9,15], as well as for protein [13, 16] and gene delivery [17, 18] . Taken together, this body of work has shown that SBF can be a useful tool to modify biomaterials for bone tissue engineering applications.
Previous studies using SBF to modify material scaffolds have been performed in the absence of cells, since the high ionic concentrations and lack of nutrients in SBF are not conducive to the maintenance of cell growth. However, cell-seeded materials have been proposed for a number of orthopedic applications. Natural biomaterial hydrogels are of interest in such cases due to their ability to mimic the natural extracellular matrix [19] and provide tissue-specific cues to enhance cell attachment and stem cell differentiation [20] . Direct encapsulation of cells during gel formation can be used to facilitate homogenous cell distribution in hydrogels. Numerous natural polymers including collagen [3], chitosan [21] , and
